Abstract: Interest and motivation significantly influence achievement; however, interest in immunology remains to be determined. Using a structured questionnaire, the current study assessed for the first time interest in immunology among biomedical graduate students in Ghana after a one-week introduction to immunology course. Our results revealed that approximately 80% of study participants expressed an interest in immunology. In addition, we showed that interest in immunology was independent of age and gender of the study participants. More interestingly, we observed that interest in immunology was primarily influenced by career choice. The findings from the present study have implications on immunology education and calls for investment in building capacity in immunology especially in developing countries.
Introduction
The face of health care is changing by the day in developing countries with the introduction of new biomedical based-programs. Immunology is currently taking centre stage in the field of life sciences (Horton, Smith, Gershon, & O'Brien, 1997) . The subject practically affects several aspects of medicine;
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PUBLIC INTEREST STATEMENT
Immunology, a biomedical discipline, is the study of how the body responds to infectious/foreign agents. The discipline is increasingly gaining prominence in biomedical sciences and practice. Students' interest in any discipline/subject affects students' level of learning, academic performance, competence and quality of their learning experience. Given the significant health benefits of immunology education and research, particularly in developing countries with massive health needs, we determined for the first time Ghanaian students' interest in immunology. Despite the complexity of the subject, students in this study reported high levels of interest in immunology and interest correlated with career choices. This study has huge implications in medical research and could be extended to other biomedical disciplines to support biomedical education in the twentyfirst century. Further studies to investigate what are the underlying factors of students' interest in immunology are recommended.
however, it is often considered as complex, with huge unawareness in the biomedical science community, especially in the areas of tropical diseases despite its valuable contributions (Wilson & Dunne, 2014) . Immunology has grown exponentially in the past years and continues to break grounds with seminal findings in areas such as cytokine biology, vaccine development and transplantation. The rapid growth of both basic and applied immunology requires specialised training (Bishop, 2015; Wilson & Dunne, 2014) to cope with the growing demand to resolving key public health challenges, particularly in developing countries.
Immunology plays a central role in the diagnosis and management of a variety of immune-mediated conditions. It is known that diagnostic evaluation of immune function is critical to the manipulation of the immune system through the use of biological and other drug-induced immune responses in various clinical contexts. Furthermore, it has been established that understanding of the regulation of host immune response is key to formulating new methods to diagnosis and treatment of immune-based diseases (Tebo et al., 2014) . Given that the developing world is often hit by epidemics, there is the need for well-trained individuals alongside appropriate intervention measures. In fact, the recent epidemic of Ebola virus disease (EVD) in West Africa claimed many lives (Hageman et al., 2016) , because of the ill-prepared healthcare workers coupled with poor research facilities and/or health centres in the most hit communities (Annan et al., 2017) .
While basic and applied immunology continues to grow at a fast pace with new findings, training individuals who can translate these immunological findings into useful applications in order to rapidly respond to future outbreaks is non-negotiable. In other jurisdictions, however, there has been calls to train young immunologists to contribute to multidisciplinary research on all NTDs (Wilson & Dunne, 2014) , and to handle huge data resources because of the increasing trends to omics-based approaches, which has the potential to identify relevant regulators of immune-related mechanisms (Schultze, 2015; Spreafico, Mitchell, & Hoffmann, 2015) .
It has been suggested that interest, goals and motivation are key for learning and academic achievement, and thus students pay particular attention to a certain field once they are interested, making them able to observe carefully, memorise well and think actively. Immunology now remains a centre of life sciences, with a complex and expansive subject curriculum. In order to train the right calibre of students with in-depth insight and skills to address the emerging and re-emerging infections in endemic areas, it is imperative to stimulate students' interest in immunology, thereby enhancing their enthusiasm while helping them to better appreciate the concepts and techniques. Toward this goal, the current study investigated, for the first time, the level of motivation and interest for immunology among Ghanaian biomedical science graduate students.
Methods
The participants were Biomedical Science Graduate students drawn from the Department of Theoretical and Applied Biology, Department of Biochemistry and Biotechnology, School of Medical Sciences all from the Kwame Nkrumah University of Science and Technology (KNUST), Kumasi, Ghana. These were participants of a one-week workshop in "Introduction to Immunology" organised at Kumasi Centre for Collaborative Research in Tropical Medicine (KCCR) as part of a bigger study, which sought to assess the immune profile of children with Mycobacterium tuberculosis infection in Ghana. Questionnaires for this study were self-constructed based on students' areas of difficulty over several years of teaching immunology course. Similarly, participants were asked to provide basic information such as gender, age, course of study, graduating class among others. Graduate students' preference for mode of delivery by lecturers in immunology was investigated using a five point Likert-scale. Reliability of the mode of delivery by lecturers in immunology was calculated using Cronbach's α coefficient (0.867). The high values of reliability coefficient in this study suggest that the instruments used to investigate graduate students' preferred mode of delivery by lecturers are reliable and thus are appropriate for further studies. A structured questionnaire was administered to all participants at the end of the workshop.
Ethical approval
The study was part of an immune profile study in individuals with M. tuberculosis infection in Ghana approved by the Committee on Human Research, Publication and Ethics (CHRPE) of the School of Medical Sciences of the Kwame Nkrumah University of Science and Technology, Ghana (Approval Number: CHRPE/AP/179/16). Study procedures were in accordance with the Helsinki Declaration of 2000.
Statistical analysis
Data were analysed with SPSS version 19.0. Descriptive statistical analyses as well as non-parametric χ 2 test of independence and Fisher Exact test were performed.
Results

Descriptive statistics of the study participants
A total of thirty-two (N = 32) participants were recruited for the study. Of these, there were more males (61.3%, 19) than females (38.7%, 12) ( 
Students' interest and motivation
To determine the level of students' interest in immunology, we used structured questionnaire. Here, 78.1% stated that they were interested in immunology while 21.9% had no interest in immunology (Table 2 ). More than three quarters (84.4%) of the participants enjoyed studying the course while less than a quarter (15.6%) did not enjoy immunology. After the short-course, 84.4% reported that they gained extra knowledge in immunology while 15.6% did not. Moreover, almost all the participants (93.3%) responded that they had gained interest in immunology after the course, however, 6.7% indicated otherwise. Surprisingly, more than half (54.8%) of the study participants were of the view that they did not have the needed materials to study immunology whereas 45.2% felt they had access to the necessary materials. In addition, our results showed that students' interest was dependent on availability of study materials (p = 0.037). On the other hand, 87.5% of the participants were motivated to study immunology while 12.5% had no motivation whatsoever in immunology. Of the motivated students, 21.4% were extremely interested, 53.6% were highly interested and 25% were just interested. The intensity of non-motivation was apparently minimal as 18.8% of the participants who reported no motivation rated their level of non-motivation as just "not motivated". Interestingly, the majority of the participants (87.5%) were of the view that their individual carrier choices could influence their interest in immunology as shown in Table 2 .
Interest in immunology and students performance
To determine whether interest in immunology was associated with the participants graduating class of study, we performed χ 2 analysis. The results showed that interest in immunology was independent of graduating class (p ≥ 0.05). Furthermore, we observed that interested in immunology was independent of enjoying the study of immunology (p ≥ 0.05) as shown in Table 3 .
Students interest in immunology vs. age and gender
Having observed that interest in immunology was independent of the graduating class, we further assessed whether students interest in immunology could be influenced by age among study participants. Here, a Fisher's Exact test showed that interest in immunology was independent of age (p ≥ 0.05) ( Table 3 ). To determine whether students' interest in immunology was influenced by gender, we performed a χ 2 analysis. The results indicate that students' interest in immunology was independent of gender (p ≥ 0.05) ( Table 3) .
Students preferred mode of delivery by lecturers
To determine students' preferred methods of the course instruction, we performed a relative importance test index analysis on the mode of delivery. The test of reliability using Cronbach's α yielded 0.867. The interactive method ranked highest (0.838) followed by teaching using PowerPoint presentations (0.806). These were followed by teaching methods such as Demonstrations (0.787) and then Lectures (0.744) as shown in (Table 4) . 
Discussion
Immunology as a discipline has experienced a tremendous growth over the past decades triggered by recent studies to deepen the understanding of the innate and adaptive response and how the molecular components interplay to provide immunity (Bishop, 2015) . The understanding of the innate and adaptive immunity as well as orchestrated protective mechanisms of several immune components has deepened our knowledge of host-pathogen interaction and the immuno-biology of infections. However, students' interest in immunology, just like other related biological disciplines, and prior to this study remains undetermined among Ghanaian students. Prior to the current study, 50% of the interviewed graduate students in an informal survey at the Kumasi Centre for Collaborative Research (KCCR) expressed no interest in immunology.
To this end, the current study investigated the interest and motivation of Ghanaian biomedical science graduates in immunology following a week-long short course in Introduction to Immunology for biomedical science students. In this study, we observed that almost 80% of the study participants were interested in immunology whiles 20% were not. This finding was in line with another set of questions that sought to find out whether the participants had gained extra knowledge in immunology after the course, suggesting the need for further training in immunology. Furthermore, our findings indicate that almost 85% had gained knowledge, whereas a quarter indicated otherwise. On the level of motivation, it was interesting to reveal that 87.5% of the study participants were motivated to study immunology after the course while the remainder had no motivation to study immunology. Given that interest and motivation are driven by several factors, we assessed some of the potential factors that could influence students' interest in immunology.
Here, our results illustrate that 90% of the study participants' interest in immunology was influenced by career choice. Interestingly in a recent report by Hannum et al., it was suggested that introduction of immunology at the undergraduate level has great potentials in identifying bright and smart students in their early carrier choice (Hannum, Kurt, & Walser-Kuntz, 2016) . Accordingly, welltrained immunologists will be key to driving life science career opportunities in academia, particularly in developing countries, where the increasing emergence of infectious diseases is coupled with many neglected tropical diseases. Training immunologists to handle some of the immunology related challenges at the clinic and research front will bring us closer to understanding diseases mechanisms (particularly NTDs) as well as identifying suitable vaccine candidates (Wilson & Dunne, 2014) , especially in the era of 'omics' biology (Schultze, 2015; Whelan, Yap, Surette, Golding, & Bowdish, 2013) .
Immunology is considered the field with ever-changing concepts and inherent complexity by both observers and experts alike. Despite being in its infancy, benefiting from the current creative minds driven by a sense of inquiry, its roles in both health and medicine remains indispensable. Furthermore, our results illustrate that interest in immunology is independent of graduating class. This is an interesting observation but contrasts the hypothesis of the direct proportional relationship between interest and student performance (Abrantes, Seabra, & Lages, 2007) . In addition, in the current study, we showed that student interest in immunology is not influenced by gender, suggesting that both male and female students have equal opportunity to excel in immunology programs and that both sexes need to be motivated and encouraged. Assuming this sample is representative of a larger population of biomedical science graduate students, the profile of prospective immunologists will be fairly represented in both gender. This is in contrast to previous studies in Mathematics, where males showed more interest compared to females (Frenzel, Goetz, Pekrun, & Watt, 2010) . Similarly, in another study, females showed significantly greater interest in biology compared to boys (Prokop, Prokop, & Tunnicliffe, 2007) . Our data is not in agreement with previous studies in New Zealand, where it was observed that medical students' speciality was significantly influenced by gender (Boyle, Shulruf, & Poole, 2014) . Discrepancies in results from the above studies are not clear, but subject-specific preferences could be an important driving factor among others.
Furthermore, we showed that students' interest in immunology is independent of the age of the study participants. Such an observation has many important implications, i.e. immunology programs could be introduced even at the undergraduate level, and thus will provide a strong foundation for postgraduate studies in immunology in line with previous reports (Abrantes et al., 2007; Bishop, 2015; Hannum et al., 2016) . Given that immunology is an interdisciplinary subject and has taken a centre stage in the field of biomedical science today, early introduction of the subject is therefore crucial to building the interest of students. However, we did not investigate whether interest in immunology was dependent on the level of education, an area which requires further investigation.
In addition, we showed that students preferred the interactive mode of course delivery by tutors compared to other conventional teaching methods such as PowerPoint presentations, Lecturing and Demonstrations. The Interactive mode of delivery ensured that students are able to ask questions and get inputs from peers and friends while the course is being taught. In addition, students are able to engage in peer-review activities when tutors adopt the interactive mode teaching immunology. PowerPoint presentations, perhaps the most popular form of instruction, have been flagged as not being highly preferred by students studying immunology. Students' low appreciation of the traditional lecturing methods, as indicated by our results is very striking, which therefore calls for tutors in other biology related courses to perhaps reconsider their current mode of course delivery. Elsewhere, it has been demonstrated that medical students' interest in alternative medicine is influenced by many factors, such as availability of teaching and learning materials and mode of delivery of course among others (Greiner, Murray, & Kallail, 2000) . In addition to student interest (Scott, Gowans, Wright, & Brenneis, 2012) , motivation has also been shown to be influenced by career choice as well (Zampieron, Buja, Dorigo, Bonso, & Corso, 2012) . Compared to other disciplines in biomedical sciences, not much has been given to immunology training, particularly in developing countries.
Another interesting observation made in the study was that despite an appreciable number of students showing high levels of interest in immunology, the majority of the study participants had no access to the necessary materials for studying immunology. Nevertheless, such an observation is not uncommon, because materials in immunology are apparently expensive and not easily accessible by most students in this part of the world. This, therefore, presents a major concern which must be addressed among other things to strengthen students' interest in immunology, particularly in developing countries.
It is clear that immunology has opened up new frontiers in the development of novel treatment options such as in the treatment of cancer, allergies and autoimmune diseases as well as infectious diseases. Our study has huge implications for medical education and research given that immunology is the bedrock of medical research and of significant importance to developing countries that have huge infectious disease burden. Therefore, to effectively contribute to fighting most infectious diseases, there is no better time than now to focus on immunology education in developing countries. However, we seem to be far behind in educating immunologists to competently handle immunology related issues in our health and research fronts especially in developing countries. There is the possibility to extend this study or experimental approaches to other biomedical fields, particularly in developing countries. We suggest inferential studies to determine the underlying factors that actually predict students' interest in immunology.
Conclusion
While the present study may not have addressed every aspect of students' perception of immunology in Ghana, given the apparent limitations such as low sample size and the absence of pre-survey data, it provides some key insights which may be explored in future studies. Taken together, we showed for the first time in this study that about 80% of biomedical science graduate students in Ghana have an interest in immunology and this interest is significantly influenced by career choice. However, the majority of the students lacked the necessary materials for studying immunology, therefore initiatives in providing these materials would hugely enhance students' interest in the course. The findings in this study provide compelling evidence to encourage immunology education, particularly in developing countries, given the huge potential it has in bridging biomedical research and clinical applications.
